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Abstract 
This work analyses the relationship between the degree of creativity, measured through the level of novelty and the level of usefulness, and 
the quality of the design outcomes. To do so, a total of twelve conceptual designs obtained in a design experiment were measured and 
compared. In this experiment, four teams of three designers solved different design problems, applying brainstorming, SCAMPER and 
functional analysis as design methods. The quality of the design solutions have been evaluated in terms of feasibility and effectiveness by 
experts through a questionnaire. Feasibility and effectiveness were then compared with the novelty, usefulness and creativity, the results 
showing that as novelty increases, feasibility tends to be lower, and the more usefulness the design offers, the more effective it is. 
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Relación entre el grado de creatividad y la calidad de los resultados 
de diseño 
 
Resumen 
Este trabajo analiza la relación entre el grado de creatividad, medido a través del nivel de novedad y el nivel de utilidad, con la calidad de 
las soluciones del diseño. Para ello, un total de doce soluciones conceptuales obtenidas en un experimento de diseño han sido medidas y 
comparadas. En el experimento cuatro equipos de tres diseñadores cada uno, resolvieron distintos problemas de diseño aplicando el 
brainstorming, el SCAMPER y el análisis funcional como métodos de diseño. La calidad de las soluciones de diseño se ha evaluado por 
expertos en términos de factibilidad y efectividad usando un cuestionario. La factibilidad y la efectividad se comparado con la novedad, la 
utilidad y la creatividad, observando que cuando aumenta la novedad, la factibilidad tiende a reducirse y que, cuando mayor es la utilidad 
mayor es el grado de efectividad también. 
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1.  Introduction 
 
To generate new solutions to a product design problem it is 
usual to apply creativity methods that make it easy to explore 
and generate new solutions. The importance of creativity has 
been highlighted in many studies, and universities must 
promote good practices that foster these capabilities in order to 
create complete professionals [1]. Moreover, it is important to 
enhance it from childhood onwards [2].  
The idea-generation process is essential to obtain creative 
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design solutions. Thus, there are several approaches to evaluate 
the effectiveness of the ideation process, such as that of Shah [3], 
who proposed four metrics: the novelty, variety, quality, and 
quantity of ideas generated. Here, quantity is defined as the 
degree to which an idea fulfils the design problem requirements. 
The quality of the design solutions is related to different 
aspects, such as feasibility and effectiveness, and it is also 
linked to how productive the design process is. In the 
monograph edited by Duffy [4], the elements to measure design 
process productivity comprise the extent to which a solution 
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fulfils the design problem requirements and needs, the cost, the 
time or the technical requirements.  
In this study, feasibility is considered to be the capability to 
implement a solution in practice, considering technological and 
cost criteria. Effectiveness is understood as the way in which 
the design solution provides an answer to the problem. 
Moreover, the term 'creativity' has been defined in different 
ways [5], all of them sharing the common notion that something 
is creative when it is novel and useful [6]. 
In a previous experiment, the degree of creativity of several 
design solutions obtained by applying different design methods 
was measured and compared. In this experiment, twelve 
designers were distributed in four teams of three members, one 
of them being a designer, another an engineer and the third one 
could be either a designer or an engineer. Four design problems 
were defined: a drawing table which occupied as little space as 
possible (P1), a tubular map case allowing for one-by-one 
extraction and introduction of maps (P2), a system to hide leads 
in tables (P3), and a table that allowed the user to work either 
seated or standing up (P4).  
A criterion that is frequently used to classify design 
methods belongs to the intuitive methods, which allow the 
spontaneous generation of ideas and logical or structured 
methods, which in turn lead creative thinking to follow several 
steps in a more defined path. One of the best-known intuitive 
methods is brainstorming and all its variants. This method 
consists in the spontaneous generation of as many ideas as 
possible in a team, avoiding any kind of judgement or criticism 
[7]. Among the structured methods, functional analysis [8] 
analyses the functions in a new design and their relationships in 
order to search for potential solutions. The SCAMPER method 
is a lateral thinking technique that promotes the generation of 
ideas based on a list of questions that ask, among other things, 
which design elements can be substituted, adapted or used in a 
different way [9]. 
This experiment was organised in such a way that each team 
had to solve one of the design problems without applying any 
prescribed method (no method) and then they solved two other 
design problems by applying different design methods, namely 
two types of brainstorming (BR1) and (BR2), and the 
SCAMPER and functional analysis methods, as shown in Table 
1. As can be seen, each of the four methods (BR1, BR2, 
functional analysis and Scamper) were applied by two different 
teams in two different design problems during the experiment. 
 
Table 1. 
Design experiment 
Team Session 1 Session 2 Session 3 
Team 1 
No method (NM) 
Problem 4 
Brainstorming 
version 1 (BR1) 
Problem 2 
SCAMPER 
Problem 1 
Team 2 
No method (NM) 
Problem 3 
Brainstorming 
version 1 (BR1) 
Problem 1 
SCAMPER 
Problem 2 
Team 3 
No method (NM) 
Problem 1 
Brainstorming 
version 2 (BR2) 
Problem 3 
Functional 
analysis (FA) 
Problem 4 
Team 4 
No method (NM) 
Problem 2 
Brainstorming 
version 2 (BR2)  
Problem 4 
Functional 
analysis (FA) 
Problem 3 
Source: Own elaboration 
 
 
Once the experiment had ended, the degree of creativity was 
measured by means of the degree of novelty and usefulness of 
the solutions in two different ways: by applying the SAPPhIRE 
model, and through experts’ opinion. The SAPPhIRE model, 
which stands for State-Action-Part-Phenomenon-Input-oRgan-
Effect [10], is used to assess the relative degree of novelty 
depending on the level on which the change is identified in the 
causality model that describes the product functionality at 
different levels of abstraction. Usefulness is obtained by means 
of a mathematical formula using the importance of the product, 
the usage frequency, the duration of the benefit and the popularity 
ratio as input variables. With this measuring method, the different 
solutions obtained for a design problem were classified according 
to their novelty, usefulness and creativity. The most novel and 
useful solution was scored with a 1, the second with a 2 and so 
on. Lastly, creativity was measured as the product between the 
other two metrics: novelty and usefulness [11,12]. 
The degree of creativity of the results of the experiment, 
measured with Sarkar and Chakrabarti’s method, showed that 
brainstorming stimulates more novel solutions and that the 
method that generates more useful solutions is functional analysis, 
which can probably be due to the fact that this method leads 
human thinking towards the functionality of the solution [13]. 
One of the disadvantages of evaluating a solution after a 
creative process, and more so if the study is conducted in an 
academic context, is the difficulty involved in valuing the technical 
and economic feasibility of the solution, since this is defined at a 
very conceptual level and there is no specific information about the 
manufacturing technologies and materials.  
Thus, the quality of the conceptual solutions generated in the 
experiment were evaluated by means of an opinion questionnaire 
answered by eight external experts with professional experience 
in the design of furniture or similar products. Nonetheless, only 
seven of them were considered for the analysis, since one of them 
presented a deviation higher than 3 sigma. The results show that 
experts also rated the solutions generated when functional 
analysis was applied as the most feasible. Solutions generated 
with SCAMPER and no method were less feasible, and even less 
so with brainstorming. When no design method was prescribed, 
the feasibility was lower than with functional analysis [14]. 
Experts also rated the solutions generated using functional 
analysis as more effective, followed by those obtained when 
SCAMPER, no method and brainstorming were applied (Fig. 1). 
The differences were lower than for feasibility, that is, the design 
method had a lower influence on effectiveness than on feasibility. 
Again, functional analysis was the best one, probably because it 
enables the designer to focus his/her mind on searching for design 
solutions that solve the design problem. 
Several studies have carried out experimental analyses of 
creative stimuli and methods in the effectiveness of the 
creative design process [15], [16] and [17]. For example, in 
López-Mesa et al. [18], the feasibility of the ideas generated 
was studied under the hypothesis that the more time devoted 
to developing an idea during the design process, the higher 
feasibility will be. This analysis was performed by comparing 
the time devoted to ideas when visual stimuli were used and 
when the SCAMPER questions were used as stimuli. The 
results showed that SCAMPER led to the generation of more 
feasible ideas than when images were used as external stimuli 
in a brainstorming method.  
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 Figure 1. Mean feasibility and effectiveness in the design solutions for the 
different design methods 
Source: Own elaboration. 
 
The appropriateness of brainstorming as a method to 
obtain more novel ideas has also been analysed in a study 
[19] which compared the design results obtained using TRIZ 
and those obtained using SCAMPER, it was observed that the 
design solution generated by a team that used brainstorming 
showed the most novel value, but its usefulness was negative.  
These analyses provide information that helps in the 
selection of the most appropriate method during the creative 
phase of the design process. Considering that obtaining very 
creative ideas is linked with ideas that are difficult to 
implement in practice, but, at the same time, it is very 
important to promote creativity within the innovation 
process, it would be interesting to analyse the possible 
relation between the degree of novelty of the design solutions 
and their quality.  
Is it true that the more creative ideas are less feasible and 
less effective? And, conversely, when the solutions generated 
are less creative, are they more feasible and better fulfil the 
objectives and requirements of the problem? The objective of 
this study is to analyse the relationship between feasibility 
and effectiveness and the degree of novelty, usefulness and 
creativity of the design outcomes.  
 
2.  Methodology 
 
The design outcomes generated during the experiment are 
depicted in Table 2, and consist of three different solutions 
for each design problem, each one generated by a different 
design team and using a different design method. All the 
teams were asked to draw and describe the final solution 
decided on by the team using pencils and paper, although one 
team built up a paper mock-up for one of the solutions. The 
first row in Table 2 shows the results for the drawing table 
(P1), the second one the outcomes for the tubular map case 
(P2), the third row contains the solutions of three design 
teams for the system to hide leads in tables (P3) and the last 
row shows the design outcomes for the table to work seated 
and standing up (P4). Therefore, there are three different 
design outcomes for each of the design problems proposed. 
Table 3 shows the questionnaire answers about the degree 
of feasibility and effectiveness according to the experts’ 
opinion [14], using a scale of 1 to 10 (where 10 is the highest 
and 1 the lowest). The values for the degree of novelty, 
usefulness and creativity employed in this study have been 
obtained in two ways, as described in detail in [13], in which 
a normalised scale between 0 and 1 was employed. In Table 
3, a scale of 1 to 3, instead of a normalised one, was used, 
where 1 is the most novel, useful and creative and 3 the least. 
The two ways to assess it are:  
- The experts’ criteria, by means of a questionnaire. 
- Creativity method defined by Sarkar and 
Chakrabarti [12]. 
 
 
 
 
Table 2.  
Design outcomes obtained by each design team, for the four design problems using different design methods  
No method Brainstorming SCAMPER 
 
Foldable table, using hinges 
 
 
 
 
 
 
 
 
 
 
It uses a digital pencil. 
The table consists of a board embedded 
in the wall that can be open out to use it.  
The digital pencil is placed on a standard 
pencil and it transforms the pencil 
movements into infra-red signals that are 
sent to a computer. 
To be open out from the wall two belts 
are used. 
 
 
 
 
 
 
 
 
 
 
 
Structure: trestle system to reduce the space.  
The height and the angle of tilt can be controlled. 
Easy to fold up and store. It can also be use also as 
a blackboard 
 
 
 
trestle 
folded  
20 cm 
80 40 
 
Mechanism 
to change 
the height 
and the 
angle of tilt 
 
Drawing 
table 
Materials:  
Melamine board 
Metallic structure and 
120 
100 
100 
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Concentric tubes 
To introduce a map:  
- Select a single tube. 
- Extract the tube 
- Roll the map and ensure it  
- Insert the map 
- Close the screw top 
To extract a map:  
- Select a single tube  
- Extract the tube 
- Unroll the map 
 
 
 
 
 
 
 
 
 
Binder-like system. Every map is 
separated from the others and can be 
easily extracted.  
To protect the maps, the binder system 
can be rolled and introduced in a tube. 
 
 
 
 
 
 
 
 
 
 
 
The wires are tight by velcro on the 
inferior face of the table and are lead 
to the leg. There is a plug in the leg to 
connect the wires 
 
 
 
 
 
 
 
A plug is available in the table next to the 
legs, to connect all the elements in it.  
For the other signals, wireless 
communication will be used 
A channel to place in the lateral or inferior surface 
of the table 
 
No method Brainstorming  Functional analysis 
A metallic structure holds the table to 
the wall. It allows changing easily the 
height and the angle of tilt.  
It can be used for different purposes 
 
 
 
 
 
 
 
 
 
Virtual table 
A virtual screen with an optical pencil to 
manipulate it.  
It does not provide a physical support; the 
arms are not supported.  
It can be manipulated as a holographic 
system. 
You could write, erase, etc., in a virtual 
way. 
The table could be used in all the 
positions: to work siting down, standing 
up, in different angles of tilt, etc. 
There are no sketches for this solution. The 
proposed components and their respective 
functions: 
 - Bearing (to enlarge the board surface) 
- Wheels (to move) 
- Hydraulic system (to stand up the board, to 
change its position) 
- Two legs (to support) 
- Rack. (to keep pencils and objects in the board, 
avoiding these to fall down) 
 
 
 
 
 
 
 
 
 
 
 
Source: Reference [13]
 
 
 
 
 
 
 
 
Sheets to put every map in
one 
Tube to protect 
The union between the 
two modules allows 
regulating the length 
Paperclips to hold the maps separated 
and in concentric positions 
Triangle base to allow maps to 
arrive at a different height, 
thus making it easier to extract
Screw top 
Paperclips 
compartment 
Two 
modules 
Several grooves for 
different type of wires 
Grooves (T
shape) to
introduce and
extract the
wires easily 
Top (optional) 
Handles to ease the
movement 
Working 
surface  
Double 
bearing 
Accessories 
bar  
Shelv
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Table 3.  
Mean feasibility and effectiveness, and order of novelty, usefulness and creativity according to experts and to Sarkar and Chakrabarti. 
Experiment case Experts opinion (from 1 to 10) Experts opinion (1 the best, 3 the worst) 
Sarkar and Chakrabarti’s metric (1 the 
best, 3 the worst) 
Feasibility  Effectiveness  Novelty Usefulness Creativity Novelty Usefulness Creativity 
G1-SCAMP-P1 7.6 7.0 2.50 1.88 2.00 3.00 3.00 3.00 
G2-BR-P1 2.9 5.6 1.38 2.38 2.00 1.00 1.00 1.00 
G3-NM-P1 7.5 7.4 2.13 1.75 2.00 2.00 2.00 2.00 
G2-SCAMP-P2 5.6 5.3 2.13 2.50 2.00 2.00 3.00 2.00 
G1-BR-P2 8.50 6.9 2.25 1.50 2.25 1.00 1.00 1.00 
G4-NM-P2 5.3 6.7 1.63 2.00 1.75 3.00 2.00 2.00 
G4-FA-P3 8.2 6.4 1.88 1.63 2.00 1.00 1.00 1.00 
G3-BR-P3 4.4 7.50 1.50 1.88 1.63 2.00 2.00 2.00 
G2-NM-P3 5.3 2.8 2.63 2.50 2.38 2.00 3.00 3.00 
G4-BR-P4 1.7 3.2 1.00 3.00 1.50 1.00 3.00 2.00 
G3-FA-P4 7.8 6.8 2.50 1.50 2.00 3.00 2.00 3.00 
G1-NM-P4 7.8 7.2 2.50 1.50 2.50 2.00 1.00 1.00 
Source: Own elaboration. 
 
 
To study the potential relation between feasibility and 
effectiveness with the parameters that define creativity 
(novelty and usefulness), scatter diagrams were plotted for 
each of the pairs to be compared: feasibility-novelty, 
effectiveness-novelty, feasibility-usefulness, effectiveness-
usefulness, feasibility-creativity and effectiveness-creativity. 
Several regression models were applied to the scatter 
diagrams in order to identify potential relationships, and the 
regression curves for the data are depicted. 
 
3.  Results 
 
The following figure represents each of the design 
outcomes obtained in the experiment in such a way that the 
position on the y-axis is the order in the degree of novelty and 
its x-axis position is the feasibility score (Fig. 2a) and the 
effectiveness score (Fig. 2b). Both the degree of novelty 
according to the experts’ opinion and to the SAPPhIRE 
method are represented. 
No significant fit is found, since none of the R2 values are 
high enough to consider the fit as significant. In any case, a 
tendency is observed in some cases. As can be seen, novelty, as 
measured by the experts, decreases when the feasibility 
increases, that is, the more novel the solution is, the less feasible 
it seems to be. The curve in Fig. 2a represents the potential 
regression tendency of the data. When novelty is assessed with 
the SAPPhIRE method, there is one outcome with high 
feasibility that is also very novel, and, consequently, even 
though there also seems to be a relationship, it is less clear than 
when novelty was evaluated by the experts.  
This could be due to the fact that the most novel outcomes 
usually involve complex or novel technologies, which are 
still under development or it is the result of not taking into 
account all the needs of the problem. This is what has 
happened, for instance, with the virtual table that uses 
holographic systems. 
Fig. 2b shows that there is no relation between the degree 
of effectiveness and novelty, since there are very novel 
solutions that are very effective and very novel solutions that 
have low effectiveness, in both the experts’ criteria and the 
SAPPhIRE method. That is, the designers generate design 
solutions whose degree of novelty appears to be unrelated to 
how well the solution solves the design problem.  
 
 Figure 2. Relationship between the degree of novelty and a) feasibility, and 
b) effectiveness 
Source: Own elaboration. 
 
 
Regarding the degree of utility of the solution, Fig. 3a 
shows that there is no relation between this and the degree of 
feasibility, since the dots that represent the design outcome 
scores on usefulness and feasibility are highly dispersed in 
the scatter plot. In other words, during the creative ideation 
of ideas, when designers still do not have to think about 
technical details, the design process does not lead to a 
different level of feasibility depending on the usefulness 
parameters, which take into account the duration and 
frequency of usage.  
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 Figure 3. Relationship between usefulness and a) feasibility, and b) 
effectiveness 
Source: Own elaboration. 
 
 
Fig. 3b shows a possible relationship between 
effectiveness and usefulness in such a way that the more 
effective the design outcome is, the more useful it is in both 
the experts’ opinion and the SAPPhIRE method. Hence, 
when the design method produces more effective outcomes, 
they are also more useful. This relationship is stronger when 
the usefulness is evaluated by the experts, maybe because in 
their own criteria, usefulness is very similar to effectiveness.  
The relationship between usefulness and effectiveness 
might not be so direct in other kinds of design problems to 
those analysed in this study. One example of this could be if 
the design requirements do not consider generating solutions 
that improve the usage of the products, as could happen in a 
design problem concerning an anecdotal need.  
Lastly, the scatter plots of the degree of creativity are 
depicted in Fig. 4. The first observation is that the solutions 
obtained present more similarities in the degree of creativity 
than in novelty and usefulness, since all the dots are closer to 
each other on the y-axis. Moreover, there is no relationship 
between creativity and feasibility or between creativity and 
effectiveness. Since creativity comprises both novelty and 
usefulness [5], the reason why there not many differences 
may be that there are very novel solutions with a low degree 
of usefulness and vice versa. It is more difficult to generate 
solutions with high novelty and at the same time high 
usefulness, and that is why creativity values are lower. 
 
 
 Figure 4. Relationship between the degree of creativity and a) feasibility, and 
b) effectiveness 
Source: Own elaboration. 
 
 
So, assuming that to generate creative solutions they need 
to be both novel and useful, it has to be taken into account 
that when the design outcomes are more novel, the feasibility 
tends to be lower. If design methods like brainstorming and 
SCAMPER are used to generate creative solutions, it is 
advisable to conduct a feasibility analysis and, if needed, 
research new ideas to increase the feasibility. These methods 
usually lead to highly creative ideas [13] and so they are 
appropriate even though they can lead to low feasibility.  
In future research it could be interesting to analyse the 
extent to which the expressive ability to draw and describe 
the design outcomes might have affected the evaluators' 
perception and, consequently, their final scores. 
 
4.  Conclusions 
 
This study analyses the relationship between feasibility 
and effectiveness and the values for novelty, usefulness and 
creativity. The results show that the higher the degree of 
novelty is, the lower the feasibility of the design outcomes 
will be. Hence, when designers are generating creative ideas, 
it is recommended that a review of the feasibility should be 
conducted in those design outcomes that present a high level 
of novelty. Failing that, the design objectives should be 
redefined, since it is also common that creative ideas imply 
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complex or emergent technologies, which are difficult to 
implement in practice. This is what has happened in design 
outcomes like the one in which a holographic system was 
proposed. 
Moreover, there seems to be a relation between the degree 
of effectiveness of the design outcome and the degree of 
usefulness. Consequently, a good level of resolution of the 
design problem seems to be related to solutions that can be 
used more, at least in the design problems employed in this 
study. This is the case of the outcomes generated with 
functional analysis, which present a higher score on 
usefulness and also on effectiveness.  
Thus, since when the feasibility increases, novelty is 
lower and usefulness remains similar, creativity, as the 
combination of novelty and usefulness, should decrease. 
Looking at Fig. 4a it can be seen that, with the collected data, 
this relationship has a very low correlation and consequently 
it cannot be assessed, although there is a gentle trend to 
decrease creativity when feasibility increases. This trend is 
stronger in the experts’ evaluation than in the SAPPhIRE 
method. 
Likewise, since when effectiveness increases, usefulness 
is higher and novelty remains the same, creativity should 
increase. However, with the data collected in this experiment, 
no relationship can be determined, since the data are very 
dispersed (Fig. 4b). 
These conclusions agree with previous studies, such as 
Chulvi et al. [19], in which brainstorming led to higher 
novelty, but usefulness was low. The present study has 
allowed us to confirm this pattern in a larger number of cases, 
since the design outcomes are more novel but less useful 
when the brainstorming method is applied.  
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